The real estate market demand for both-houses and flats has been growing recently. This trend is one of the factors, which are able to influence the price of real estate. Our paper introduces determinants of housing price and their influence on actual real estate prices in the statutory city of Brno. The aim of this paper is to present key determinants of house price and find the hedonic price model, which describes, how determinants affect house price best. Realized prices were analyzed for housing units located in different districts of Brno. Key determinants in this research are a year of sale, an area of flat in square meters, number of rooms, location in districts of Brno, type of masonry and reconstruction. The dataset covers the time period between years 2012 and 2015. Hedonic price model is estimated by the method of ordinary least square. Besides main aim, four assumptions were verified, which should determine the influence on the price of individual determinants in the statutory city of Brno.
INTRODUCTION
Real estates are goods with a different structure. Property distinguishes from each other by their respective space allocation, orientation, building materials, number of rooms and their disposition, and other elements such as inner equipment. The individual character of real estate results from the demand of economic agents. The aim of this research is to identify and analyze main determinants of house price in the statutory city of Brno, and subsequently, find a suitable model specification to correctly predict prices of real estates based on selected determinants.
House price is an outcome of the intersection of a real estate market 's supply and demand. Císař (1996) defines real estate market as a component of the general market system, which is subject to the standard market regularity with possible deviations. It is determined primarily by nature of traded estate (non-transferability, service-life, etc.) . In other words, the price of the estate is determined by consumer's decision. They compare gains obtained from house purchase with inevitable costs. According to Sirmans et al. (2003) , the theory of hedonic prices is one of the theories, which deal with a problem of supply price-setting on real estate market. The theory of hedonic price model was developed to work with a property, which has distinct characteristics but still are part of the same group of objects (in our case real estate). These products are generally called differentiated goods. The hedonic price model tries to identify price determinants depending on its quantitative and qualitative characteristics (due to the type of analyzed product). It also assumes that finding of key determinants enables us to calculate sign and size of each determinant on final price separately. Court (1939) , Haase (1992) or Wallace (1926) are often considered as founders of the hedonic price model concept. Their work, however, was not primarily focused on real estate price determinants. Authors, who as first used the concept of the hedonic price model to evaluate real estate, were Lancaster (1966) and then later Rosen (1974) , Jud, Seaks and Winkler (1996) and also Helbich, Brunauer, Vaz, and Nijkamp (2014) . These authors pointed to relevant real estate price determinants, such as a size of estate unit and its disposition, attractiveness of locality and others. Models of hedonic price used to evaluate real estate are usually based on inner or outer physical features of the property (size, disposition, type of property), locality variables in neighborhood (school or shop availability, quality of near houses, public services in the area) and other factors linked to the property (age of the property). Sirmans et al. (2006) point out, that most of the inner or outer factors have a positive relation to the price of the property. Nevertheless, there are also some which lower the price (age, energy intensity, etc.). a similar conclusion can be seen in Clark and Herrin (2000) , Fletcher et al. (2000) , Cebula (2009 ), Elbru (2011 and Kim et al. (2015) . Generally, we can claim, that these studies agree on positive link between the disposition of property or size of living area, and selling price of the estate. The trend between them is not necessarily linear. Value of the property generates also other relevant aspects such as building material of property or technical equipment. The authors usually claim that price of estate grows with a higher quality of building material. Next important factor is the year, in which sale of real estate was realized. The relevance of time factor is strengthen considering a real business cycle effect on the real estate market (see Čadil, 2009; Hlaváček and Komárek, 2010; Zemčík, 2011; Hlaváček et al., 2016 , or Brůha et al., 2017 . This factor is able to capture macroeconomic influences and their effect on the market development in our observed period (2012 -2015) . Chosen period is characterized by a decline of mortgage interest rates in the Czech economy. This is one of the main reasons behind increased demand for mortgage loans and, ultimately, increased demand for real estates. The economy also faced to lower supply of real estates in the same period due to losses of some developers in after-crisis era since 2009 (see Hloušek, 2016a or Hejlová et al., 2017 . Both of these facts lead to the same conclusion -an increase in real estate price.
Studies of Malpezzi (2002) , Sirmans and Macpherson (2003) belong among compilation studies with a summary of knowledge about the hedonic price model. The publications recapitulate development of the hedonic price modelling, divide characteristics of property into subgroups and describe in detail individual variables and their effects with estimates of coefficients sizes.
This study is primarily focused on determinants, which reflect inner, outer, space and time characteristics of real estate. First, we discuss relations of each key variable to a price of the property. Disposition of property is positively correlated with its price. An additional number of rooms increases the price per m 2 . In other words, property with more rooms is preferable than the one with fewer rooms and we can expect a higher price for it. The second key determinant is the material composition of property, where superior building materials increase the price of a property. The third is the location of the property within the city of Brno. We anticipate the higher price of the property closer to the city center. Last key determinant is the year, in which real estate was sold. We presume the value of a property to grow in time nominally. Taking into account span of our data sample (2012 -2015) , we primarily expect a linear growth. Relations of each variable to property price will be verified using mathematically-statistic methods applied on carefully collected data sample.
Structure of this article is as follows: First, nature of collected dataset is discussed. Second, formulation of used hedonic price model is described together with all modifications. Third, estimates of model parameters are conducted and their informative value is discussed in accordance with the theoretical prediction. Next, four assumptions from the beginning of the article are verified. The last chapter contains a comparison of prediction ability of each model.
MATERIALS AND METHODS
In this paper, we use a cascade of hedonic price models. Parameters for these models are estimated using ordinary least squares (OLS) method (see Koop, 2008 or Cipra, 2008 . Regression with OLS estimates is commonly used to estimate the relation of specific characteristics of the property and its sale price. Scientific outcomes differ among many studies, not only in size of coefficients or statistical significance but even in a resulted sign of coefficient (see a summary study of Malpezzi, 2002 and Macpherson, 2003) .
Said regression estimate is often designated as the model of the hedonic price. Specific model used in our study can be described by the following equation:
where α is a constant, β i is a vector of estimated coefficients, PM is dependent variable expressing realized the price of real estate per square meter. TR marks time trend, L location, V acreage, P number of rooms, M type of building material and R information if the property was reconstructed or not. ε is error term. All named regressors are also used as control variables. In case of adequate estimation, individual variables are going to be replaced with dummy variables to discuss basic assumptions. Dummy variables will replace regressors Trend, Room, Material and Location. We assume resulting estimates to help either confirm or disprove assumptions made in the introduction and commented in chapter 1. Results of estimated models will be compared and their information value together with prediction ability will be discussed.
Equations for individual models with substituted dummy variables have the general form of:
where α is a constant, β i a v j are regression coefficients, W i is an (n -1) × 1 vector of control variables with always one omitted variable. This creates dummy variables, which are contained in m × 1 vector D j .
The dataset covers the period from 2012 to 2015 and contains exactly 1081 observations of seven characteristics about real estate in the statutory city of Brno 1 . Data were obtained from two largest real estate agencies (by volume of sold real estates in Brno) and four smaller real estate agencies. Due to termination of cooperation with these agencies, the dataset cannot be expanded with additional observations or variables. Our dataset roughly covers one-tenth of all real estate sales realized in an observed period in Brno. We can compare it with information from server realitymorava. cz about 1000 real estates for sale in 2017 to get a better picture of extension of our dataset. Based on the previous, we consider our dataset to be suitable and sufficient for our analysis. Description of all used variables is included in Tab. 1.
Relations between included variables and real estate price (expressed by price per meter squared) are captured in Fig. 1. The Fig. shows rendered factorized box plots. The average price per square meter should be linearly increasing or declining according to our assumptions. This claim is visible practically in all categorized variables.
A gradual increase of average price per square meter in relation to time trend is expected (according to ČNB, 2016) . Due to the elastic prices of real estates in the Czech economy, we assume self-clearing real estate market. This does not allow an overhang of demand over supply on the market. An increase in demand (or supply decrease) is directly projected to a price increase. This information is contained within the data, despite statistical non-significance of differences. Development of relation between price and number of rooms is surprising. According to 1 Preliminary estimates on this dataset were published in conference proceedings Reichel and Schenková (2016 Source: Own processing the information included in the dataset is economic subject on demand size of real estate market on average less willing to pay for additional room 3 . Need to say, property disposition does not predict the overall size of a property, just an internal arrangement of room numbers. a relation between quality of building material and property price shows drop in average price less quality material usage. This finding is consistent with the claim in Schenková (2009) , stated that differences in real estate caused by using variant material (especially in thermal and sound insulation properties).
The highest average price is observed in new buildings, where bricks or concrete blocks used as a building material. Lower average price indicates buildings with reinforced concrete structure skeleton with brick wall and as expected the lowest price is visible for panel buildings.
Variable location was chosen from an assumption of centric location-price orientation in the statutory city of Brno. Meaning that the most expensive real estates should be located in city center and the cheapest one on the periphery. The gradual drop in price with greater distance, however, is not captured in data. The second ring indicates the higher price per square meter than the price in a city center. This may be explained with the highest concentration of new buildings just in the second ring. We can see a gradual decrease in prices with longer distance in centric layout after omission of the new building from the dataset. Another method to a model influence of location on real estate price is to divide city to individual districts. This alternative division should gain more accurate information about location influence. We were not able to do this alternate specification because of an enormous number of the individual district in the city of Brno. We inclined in our research to simple and more suitable specification due to location characteristics of Brno.
RESULTS
This part present result of five model estimations on a random sample of 700 observations. Remaining 381 observations (from a total of 1081) are used to additional test prediction capabilities of real estate price per square meter. The first regression model of hedonic price is a control model to provide information if we can use the dataset to model real estate market in the statutory city of Brno. Next four models serve to verify the relation between real estate price and key determinants listed in the introduction. Estimated models are marked in ascending order as M1 to M5 and coefficients of estimation are presented in Tab. II. 3 Residential room needs to be at least 8m2 large and meets living conditions prescribed by law. Model M1 estimates a price of real estate using main control variables selected based on studies of Sirmans and Macpherson (2003) , Malpezzi (2002) and Cebula (2009 . a linear and rising relation can be seen in variable trend. The model then predicts the later period of sale the higher sale price of the same property. Individual control variables are transformed into dummy variables to distinguish additional information inside a selected variable. Dummy variables are chosen in a way, so that model in constant captures reference group matching situation of a variable to have a value equal to zero. For example, in case of variable Location, the constant matches situation, when the property is located in the center of Brno.
Estimates of model M2 provide more detailed outcome about the effect of building material. The model combines information about used material and if the property was reconstructed or not. Reason for this unification was an assumption, that properties from bricks or new blocks (new buildings) are more expensive than buildings with a concrete skeleton and brick walls and also that property from reinforced concrete structure panels are the cheapest. Estimates results in Tab. II confirm this assumption. They also show a lower price for a reconstructed property 5 . This paradox can be explained by age of the property. An older real estate is generally cheaper than newer even after reconstruction, Malpezzí (2002) . Unfortunately, our dataset does not contain information about the age of buildings, so we cannot prove this assumption. Model M3 is focused on identification of location determinants. The difference against model M1 is that we cannot confirm the assumption of a higher price per square meter for property closer to the city center. Estimates clearly indicate the highest price for property not in the center but in the second ring. Also, our assumption of linear price growth is not confirmed by results. The only confirmed premise is a difference between last ring and the reference group, which is city center. As mentioned before, this information can be biased due to a high concentration of new buildings in the second ring.
Model M4 captures successive growth in real estate price, posted by Czech National Bank in its annual reports since the year 2009. High demand caused by still decreasing mortgage interest rates together with an insufficient supply of new buildings affects the persistent pressure of supply and realized the price of resident properties. M4 indicates this persistent trend not to be constant but rather progressive in 2015. One of the explanations is the Zero lower bound (see Hloušek, 2016b) . Low mortgage interest rates enabled to obtain cheap mortgage loans, hence an increase in real estate demand. Impact of these cheap loans showed up later (since 2013) because of the caution of economic agents induced by the crisis. Exchange 5 This outcome is in contradiction to the one in conference proceedings of Reichel and Schenková (2016) . An outcome in mentioned proceedings was due to bias caused by redundant variable, which was omitted in our study Source: Own processing rate interventions of the Czech National Bank, which started in fall 2013, could also contribute to this phenomena. Foreigners, who cheaply bought Czech currency in pursuit of profit, could see investment in properties as one of their option. Investment decision to purchase property pushes demand on real estate market upwards and the price to be elevated. There has also been a drop in construction of new real estates in the post-crisis period after 2009, which cause a decrease in real estate market supply (see Reichel and Gajdošová, 2017) . The combined effect of demand increase and supply drop strengthen rise in real estate prices. Continuation of this accelerated boost could possibly lead to another bubble in this market. CNB reacted to the situation by a recommendation to lower maximal LTV of individual commerce banks in 2016. This limitation should demonstrate itself in the way several economic agents, who demand mortgage loan, not to meet a requirement and ultimately fail to obtain the loan. This should lower excessive demand on the real estate market and thus lower the price of real estates. Model M5 is targeted on possible price influence of additional room inside property. We expected property with a higher number of rooms to have a higher price per square meter than property with same acreage but fewer rooms. We cannot conclusively validate this assumption of linear relation with our estimates. Coefficients P2 up to P5 do not have an increasing trend (P5 > P4 > P3 > P2 does not apply), moreover they are not statistically significant. Therefore, we cannot confirm the hypothesis about increasing price per square meter with a higher number of rooms.
Predictions of individual models were performed based on parameter 's estimates and remaining observations. Three types of criteria were used in our study: mean square error (MSE), root mean square error (RMSE) a mean absolute error (MAE). Values of each criterion are captured in Tab. III. In general, lower value of criteria means better prediction capabilities of the model. Comparison of prediction capabilities look as follows M3 > M2 > M1 > M4 > M5, with M3 to have highest prediction capability.
We also graphically visualized prediction capabilities using realized prices of real estates in the ascending order together with our prediction prices. Graphic outputs of individual models are very similar to each other. Because of that, Fig. 2 contains output only for our best prediction model, according to Tab. III -M3. Practically all models were unable to sufficiently predict price for the most and least expensive real estates, which can indicate the absence of additional information or characteristics making model more accurate.
DISCUSSION
The aim of this article was to identify and analyze the main determinants of real estate price in the statutory city of Brno and find the most suitable model specification, which use these determinants to accurately predict real estate price. Our analysis contained of cross-sectional data with over thousand realized sales of real estates (not only offers from real estate agencies) and information about each property. Cascade of hedonic price model was used to identify size and sign of each determinant 's effect. Least ordinary squares were used as a method of estimation. The results partially support our assumptions about effects of determinants on property price stated in the introduction and also largely coincided with findings of authors focusing on a similar issue, such as Sirmans and Macpherson (2003) and Malpezzí (2002) .
All expected relations between price determinants and actual prices of real estates in model M1 were verified in our study. More detailed results, however, revealed some of the expected relations to be statistically non-significant. The assumption about the positive effect of additional rooms inside the property on its price per square meter was not rejected in models M1 to M4. Model M5 pointed out that property with two residential rooms is surprisingly cheaper on average than property with one residential room. Properties with three to five rooms are the most expensive. The assumption about a positive relationship between quality of building material and price per square meter was verified in all models. All models except for M3 support claim about a distance of the property from the city center. Model M3 indicated that real estate prices are highest in the second ring and not in the actual center of the city. However, this result might be biased by a large concentration of new buildings in the second ring. If we omit new buildings from an analysis, the results would be consistent with our centroid assumption. All our models also affirm positive influence of time trend on real estate price. M4 did not capture price increase between years 2013 and 2014, but this can be explained by zero inflation measured by Czech National Bank. Nevertheless, more complex view shows the increasing trend.
Assessment of prediction capabilities was made from estimate results using three prediction criteria. They evaluated prediction capabilities of models in this order: M3 > M2 > M1 > M4 > M5. a weakness of all five models is an implausible prediction for the most and least expensive real estates. Filtration of these extreme values significantly improves prediction capabilities of all models. Therefore, we can anticipate hidden factors behind price setting of these extreme cases. It is essential to closely observe the most extreme observations in future research so there would be a minimal bias caused by this disproportion.
Future research can be enriched with the creation of a new dataset with additional variables, such as the architectural design of the property or outer economic environment. These new characteristics can even further influence the price of real estates and improve prediction of our estimation.
